cDNA fragments of a 5'-terminal region of the hepatitis C virus (HCV) genome were isolated by the reverse polymerase chain reaction from RNA extracted from plasma samples of healthy Japanese carriers. Their nucleotide sequence was compared with that of the original isolate which had been passaged twice in chimpanzees. No deletions or insertions were observed between the two sequences in the regions examined. Both the 5' untranslated and putative nucleocapsid (core) protein regions were highly conserved (99 % and 91% nucleotide identities, respectively). In contrast, the region immediately downstream which encodes a putative envelope glycoprotein(s) showed only 74% nucleotide identity between the two isolates. At the polypeptide level, the core and envelope domains showed 97% and 75% amino acid identities, respectively. This envelope variation may reflect the adaptation of HCV to the different hosts and/or the result of immunological selection. The highly conserved nucleotide sequence of the 5' untranslated and core regions may play an important regulatory role in the life cycle of HCV.
Hepatitis C virus (HCV) is the major cause of posttransfusion hepatitis throughout the world Alter et al., 1989; Miyamura et al., 1990) . Over 50% of the chronic cases of sporadic non-A, non-B hepatitis without obvious percutaneous exposure are also considered to be associated with HCV infection . The possible causative virus has recently been identified by cDNA cloning techniques using plasma from an experimentally-infected chimpanzee . The virus contains a positive stranded RNA genome of about 10000 nucleotides which encodes a large polyprotein precursor of about 3000 amino acids (aa) (Q.-L. Choo et al., unpublished results other known viruses, HCV appears to be distantly related to the flaviviruses and pestiviruses with the structural proteins being located at the N terminus of the polyprotein (Q.-L. Choo et al., unpublished results) .
The original HCV cDNA clones were derived from a virus which was isolated from a contaminated batch of human facter VIII concentrate from the U.S.A. following serial passage in two chimpanzees (denoted as HCV UC for U.S.A. and chimpanzee in this study). Subsequently, we isolated HCV cDNA clones derived from the plasma of a healthy HCV carrier in Japan (denoted as HCV JH for Japan and human) and observed that the extent of aa identity between the U.S.A. clone and Japanese clone varied considerably from one region to another; about 90~o of aa were identical in the two non-structural regions examined, whereas only 74% were identical in (or near) the putative structural region (Kubo et al., 1989; Takeuchi et al., 1990a) . In this report, we extended this analysis to the Takeuchi et al., 1990b) we could identify two distinct domains, possibly encoding core and envelope proteins. Methods for the preparation of RNA from plasma, cDNA synthesis and amplification of HCV cDNA by the polymerase chain reaction (PCR) (Saiki et al., 1985) were described previously (Kubo et al., 1989) . Briefly, virions were pelleted by ultracentrifugation (Bradley et al., 1985) and RNA was extracted by the guanidinium/ caesium chloride method (Maniatis et al., 1982) . RNA obtained from 1 ml plasma was used for cDNA synthesis and PCR amplification using both sense and antisense primers. Sense primers were designed from the sequence of HCV UC (Q.-L. Choo et al., unpublished results) and antisense primers, J80A and J132A, were based on the newly isolated cDNA sequences of HCV JH (Fig. 1, 2) . The cDNA fragment amplified by PCR was visualized by ethidium bromide staining. To identify cDNAs J1-713 and J7-28, HCV-specific cDNA amplified by the PCR method was examined by Southern hybridization using a cDNA clone, CA202f, which was isolated within a part of the structural region of HCV UC (Q.-L. Choo et al., unpublished results) . The amplified cDNA fragment was purified from an agarose gel and cloned by blunt-end ligation into the SnaBl site of charomid SB-42 (S.
Boonmar & I. Saito, unpublished results), a derivative from charomid 9-42 (Saito & Stark, 1986) . The nucleotide numbering system of HCV UC is according to Q.-L. Choo et aL (unpublished results) , in which the putative initiator codon is located at nucleotides (nO 320 to 322. The origin of numbering in HCV JH is the first nucleotide of cDNA J7-28 which corresponds to HCV UC nt 230 (Takeuchi et al., 1990b) .
Using plasma derived from a single healthy Japanese HCV carrier (denoted J1), we have previously isolated cDNA J1-1216 from the putative structural region (Takeuchi et aL, 1990a) . To obtain a eDNA clone upstream of clone J1-1216, we prepared a synthetic antisense primer, J 132A, based on the sequence near the 5' end of J1-1216 ( Fig. 1, 2) . By using this antisense primer and a sense primer, 71 S, based on the sequence of HCV UC ( Fig. 1, 2 ), cDNA clone J1-713 was isolated from the same J 1 plasma sample after cDNA synthesis and subsequent PCR amplification. We then synthesized a pair of primers, J80A and 21S (Fig. l, 2) , to obtain further overlapping clones but attempts to obtain the clones desired from the plasma of donor J1 were unsuccessful. Instead, we were able to obtain a cDNA clone, J7-28, using plasma from another healthy Japanese carrier, J7. Whereas carrier J1 was a donor implicated in transmission of post-transfusion hepatitis because the recipient developed typical non-A, non-B hepatitis (Kubo et al., 1989; Takeuchi et aL, 1990a) , carrier J7 was identified only by the anti-HCV antibody assay . By cDNA synthesis and PCR amplification using the pair of primers in the NS3 region (Kubo et al., 1989) , the J7 plasma sample was considered to contain approximately tenfold more HCV RNA than the J1 plasma sample (data not shown).
Three independent clones were isolated after each PCR and sequenced in order to deduce the consensus nucleotide sequence. The consensus sequences were regarded as the representative sequence of the HCV genome present in carriers J1 and J7. The nucleotides different from the consensus sequence appeared at a frequency similar to that in regions that had already been analysed (0.7%, see Fig. 1 and Table 1 ) (Kubo et al., 1989; Takeuchi et al., 1990a) .
The representative sequences of the three cDNAs J7-28, J1-713 and J1-1216 showed two overlapping regions, as was expected from the cloning strategy described above. J1-713 overlaps by 18 nt with J1-1216 and both cDNA sequences were completely identical in this overlapping region (Fig. 2b) . Similarly, J7-28 overlapped by 52 nt with J1-713 and the sequences in the overlapping region were identical except for one silent base change at J7/J1 nt 507 ( Fig. 2a and b) . Four and seven base changes in the 18 nt and 52 nt overlapping regions, respectively ( Fig. 2a and 
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TGCGGATcTG1q--~T~CTCATCTC~CAGCTGTTCA~CTTCTCGCCTCGCCGGCATGA~A~AGTACAGGACTGCAACTGCTCAATCTATCCCGGCCACGTATCAGGCCATCGCATGGCTTGG 1050 No insertions or deletions were found between the cDNAs of HCV JH and HCV UC; all the nucleotide changes that were observed were substitutions. The putative initiation codon at HCV UC nt 320 to 322 was conserved in HCV JH. The 5' non-coding region up to 90 nt upstream from the initiation codon, showed striking sequence identity; only one base change was found in this 90 nt sequence (Fig. 2a) . Furthermore, a 30 nt sequence within this region showed remarkable similarity with that of the 5' non-coding region of the pestiviruses, bovine viral diarrhoea virus (BVDV) (Collett et al., 1988a) (Fig. 2a, top line) Based on the similarity of aa sequences and hydropathy profiles, Q.-L. Choo et al. (unpublished results) pointed out that HCV is distantly related to flaviviruses and pestiviruses and proposed a gene organization similar to that of the flaviviridae family. To obtain more information about the gene organization of HCV we examined the distribution of the different aa between HCV JH and HCV UC. The result is shown in Fig. 3 , together with the hydropathy plots of HCV and related viruses.
The degree of amino acid identity between the two HCV isolates (HCV UC and JH) was clearly different before and after approximately aa 190 (Fig. 3 , bottom of 1st panel); 97.4~ of aa were identical in the first 190 aa (185/190), whereas only 75.3~ were conserved in the following 251 aa (189/251). The results suggest that the first 190 aa may represent a distinct domain which is under different selection pressure to the rest of the structural region.
In the flaviviruses, the first domain, located at the 5' terminus of the genome is the C gene which encodes the viral nucleocapsid protein of about 120 aa. Q.-L. Choo et al. (unpublished results) suggested that the 5' terminus of the HCV genome similarly encodes the basic nucleocapsid protein of 120 aa, based on the limited similarity of hydropathy profiles between HCV and flaviviruses. However, the results described above suggest that the HCV nucleocapsid protein is encoded in the well conserved domain (C domain) of about 190 aa (Fig. 3) . As shown in Fig. 3 , the entire C domain of 190 aa lacked N-glycosylation sites and the C-terminal 20 aa of this domain were highly hydrophobic. By analogy with flaviviruses (Wengler et al., 1985; Rice et al., 1985) , this C-terminal stretch can be considered as a signal sequence which is required for cleavage of the HCV precurser polyprotein by a cellular enzyme, signalase. Recently, we have expressed the combined cDNA reported here in mammalian cells and identified a 22K protein which is a candidate for the putative nucleocapsid protein described here (H . Harada et al., unpublished results) .
Q.-L. Choo et al. (unpublished results) suggested that the HCV domains corresponding to the envelope and NS1 proteins of flaviviruses are located downstream of the core domain. The junction position between the putative envelope and NS1 domains is at approximately aa 380 based on the similarity of the hydropathy profiles (also shown in Fig. 3) . Interestingly, the amino acid sequence identity between HCV UC and HCV JH did not change (about 75~) before and after aa 380, suggesting that the putative envelope and NS1 proteins are similarly divergent. The result may suggest that both of these HCV proteins have been subjected to similar selection pressure. Such a low amino acid identity may reflect the adaptation of HCV to chimpanzees by experimental infection and/or regional variation of virus between the U.S.A. and Japan. Q.-L. Choo et al. (unpublished results) also suggested that the region corresponding to the M and E genes of flaviviruses is considerably shorter in the HCV genome. One could speculate that their HCV eDNA clones may have been derived from a defective virus genome in which the structural region was partially deleted, similar to the defective interfering particles observed in polioviruses (Kuge et aL, 1986) . However, we have shown here that none of the eDNA clones derived from human material after PCR amplification showed any deletions or insertions relative to the HCV UC clone throughout the putative structural region (Fig. 2) . Therefore, the sequence presented here was considered to represent the intact structural region of HCV, unless this agent has a novel mechanism to generate a defective virus by sequence-specific deletion.
As described above, the putative E domain of HCV was about 190 aa long (aa positions 190 to 380) and was mostly hydrophobic. The size and the hydropathy profile of the predicted protein were similar to that of the BVDV gp25 protein (Fig. 3) (Collett et al., 1988b) . Conversely, HCV seems to lack a counterpart of BVDV-encoded * The sequence ranging from nt 1063 to 1413 and its alignment to that of a UC isolate are described by Takeuchi et al. (1990a) , t The sequence, numbering system and its alignment to those of a UC isolate are described by Kubo et al. (1989) .
:~ Evolutionary distances (Ks') were calculated as described by Kimura (1981) by using the formula; Ks' = -(1]4)log{(l -2P -2Q)(1 -2P -2R)}, where P is the frequency of transition, Q and R are the frequencies of transversion (A/U and G/C for Q, U/G and A/C for R) at the third codon position, s,D., Standard deviation of the error variance for a Ks' value (Kimura, 1981). gp48. However, further discussion must wait until the roles of these proteins in the viral life cycle are elucidated.
It is noteworthy that the HCV C domain was highly conserved not only at the level of amino acid sequence but also at the silent nucleotide positions (in Fig. 2 most silent mutations were found after HCV JH nt 630). The frequency of silent mutations between the C domains of HCV JH and UC was 7.2~, which was much lower than those in other parts of the HCV genome (Table 2; 13.6 and 15.6~ for the envelope and NS3 regions, respectively). This difference in silent mutation frequencies was significant in a statistical analysis described by Kimura (1981) ; the evolutionary distance in the C domain, estimated on the synonymous component at the third codon position, does not overlap with those calculated in other parts of the genome (Table 2 ). This result was significant because the frequency of silent mutation between the open reading frames (ORFs) of two homologous genes is expected to be constant throughout the genes if there are no particular functional constraints. For example, the silent mutation frequencies of S1 and Jamaica strains of dengue virus type 2 are within a range of 6.7 to 10-0 ~ throughout the entire polyprotein-coding region (Deubel et al., ,1988) . It seems unlikely that this difference was due to heterogeneity between the two Japanese carriers, J 1 and J7, because the frequency of silent mutations within the C domain was similarly lower than that within the second domain, even in the cDNAs J 1-713 derived from one carrier (Table 2) . Furthermore, a sequence from nt 93 to 344 of the HCV JH did not contribute to the formation of any ORF other than the one encoding the viral polyprotein (Fig. 2a) . These results suggest the possibility that the HCV C domain not only represents the gene for a viral polyprotein but that it also plays a regulatory role, such as regulation of viral polyprotein translation, together with the 5' noncoding sequence. Another possibility was that gene conversion had occurred during the evolution of HCV JH and UC; elucidation of this will have to wait until further sequence data have been collected.
The nucleotide sequences of both the 5' non-coding region and the first domain were very well conserved between the Japanese and U.S.A. isolates and so these sequences may serve as useful hybridization probes and targets for PCR amplification in the identification of HCV genomes from other parts of the world. The cDNA sequences shown here also provide the basis for the development of assay systems for HCV-specific antibodies and antigens. The putative HCV E protein shows only 75~ amino acid identity between HCV JH and UC, which will need to be considered in the development of protective vaccines.
